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LIQUID CRYSTAL DISPLAY HAVING WIDE 
VIEWING ANGLE 

0001. This application is files as a continuation in part of 
the pending U.S. patent application of Ser. No. 09/431,157 
filed Nov. 1, 1999, assigned to the same assignee. 

BACKGROUND OF THE INVENTION 

0002) (a) Field of the Invention 
0003. The present invention relates to a liquid crystal 
display and, more particularly, to a liquid crystal display 
which has a wide viewing angle. 
0004 (b) Description of the Related Art 
0005 Generally, liquid crystal displays have a structure 
where a liquid crystal is Sandwiched between two Substrates, 
and the electric field applied to the liquid crystal changes its 
arrangement to control light transmission. 
0006 Among them, the vertically aligned twisted nem 
atic (VATN) liquid crystal displays have a pair of internal 
transparent Substrates with transparent electrodes, a liquid 
crystal Sandwiched between the Substrates, and two polar 
izing plates externally attached to the Substrates one by one. 
The liquid crystal molecules are initially aligned perpen 
dicular to the Substrates and, under the application of an 
electric field, they are spirally twisted with a predetermined 
pitch while being oriented to be parallel to the Substrates. 
0007 When the polarizing plates are normal to each other 
in the polarizing direction, light is completely blocked when 
there is no application of an electric field. That is, in the 
So-called normally black mode, brightness is very low at an 
off State and hence the contrast ratio is high compared to the 
usual TN liquid crystal display. However, under the appli 
cation of Voltage (particularly gray Scale Voltage), a signifi 
cant difference is present in retardation of light depending 
upon the Viewing directions as in the usual TN liquid crystal 
display, So that the Viewing angle becomes too narrow. 
0008. In order to solve such a problem, it has been 
proposed that the electrodes be patterned to generate fringe 
fields, and that the fringe fields generate Several micro 
regions with different orientation directions of the liquid 
crystal molecules. For instance, U.S. Pat. No. 5,309.264 
issued to Lien discloses a technique of forming X-shaped 
opening portions at the common electrode. U.S. Pat. No. 
5,434,690 issued to Histake et al. discloses a technique of 
forming opening portions at the electrodes of the top and 
bottom Substrates in an alternate manner. 

0009. However, the above techniques require a separate 
mask to pattern the common electrode. Furthermore, Since 
the color filter pigments may influence the liquid crystal, a 
protective layer must be formed on the color filters. It also 
generates Serious textures at the periphery of the patterned 
electrodes. 

SUMMARY OF THE INVENTION 

0010. It is an object of the present invention to provide a 
liquid crystal display which has a wide viewing angle with 
improved picture quality. 

0.011 This and other objects may be achieved by a liquid 
crystal display having a color filter Substrate and a thin film 
transistor array Substrate. 
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0012. The color filter substrate is overlaid with color 
filters with depression patterns, and a black matrix Surround 
ing the color filters. A common electrode is formed on the 
color filters with the depression patterns to make partitioned 
orientations of the liquid crystal molecules. 

0013 The black matrix may be overlapped with the 
depression patterns of the color filters to reduce the light 
leakage. 

0014. The thin film transistor array substrate faces the 
color filter substrate with pixel electrodes. The pixel elec 
trodes are provided with opening patterns. When the open 
ing patterns of the pixel electrodes, and the depression 
patterns of the color filters proceed parallel to each in an 
alternate manner, Stable orientations of the liquid crystal 
molecules and a wide viewing angle can be obtained. 

0015. When the common electrode is formed by depos 
iting thin indium tin oxide onto the Substrate twice, the 
common electrode at the periphery of the depression pat 
terns can be prevented from being cut. 

0016 Furthermore, the common electrode also has 
depression patterns corresponding to those of the color 
filters, with the angle of the side wall of the depression 
pattern of the common electrode being 30-120 with respect 
to the thin film transistor array Substrate. 
0017 Storage capacitor electrodes are further formed at 
the thin film transistor array Substrate. When viewed from 
the top side, the pixel electrodes completely cover the 
Storage capacitor electrodes at a predetermined region. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0018. A more complete appreciation of the invention, and 
many of the attendant advantages thereof, will be readily 
apparent as the same becomes better understood by refer 
ence to the following detailed description when considered 
in conjunction with the accompanying drawings in which 
like reference Symbols indicate the same or Similar compo 
nents, wherein: 

0019 FIGS. 1A and 1B are schematic views illustrating 
the basic structure of a vertically aligned twisted nematic 
liquid crystal display according to the present invention in 
black and white modes, 

0020 FIG. 2 is a plan view of a color filter substrate for 
a liquid crystal display according to a first preferred embodi 
ment of the present invention; 

0021 FIG. 3 is a cross sectional view of a color filter 
substrate taken along the III-III' line of FIG. 2; 

0022 FIG. 4 is a cross sectional view of a liquid crystal 
display with the color filter substrate shown in FIG. 2; 
0023 FIG. 5 is a plan view of a liquid crystal display 
according to a Second preferred embodiment of the present 
invention; 

0024 FIG. 6 is a cross sectional view of the liquid crystal 
display taken along the VI-VI' line of FIG. 5; 
0025 FIG. 7 is a plan view of a liquid crystal display 
according to a third preferred embodiment of the present 
invention; 
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0.026 FIG. 8 is a cross sectional view of a liquid crystal 
display according to a fourth preferred embodiment of the 
present invention; 
0027 FIGS. 9A and 9B are amplified views of the liquid 
crystal display shown in FIG. 8 illustrating equipotential 
lines and light transmission curves when a Side wall of a 
depression pattern is at an angle of 90 or 45 with respect 
to a Substrate; 

0028 FIG. 10 is a plan view of a liquid crystal display 
according to a fifth preferred embodiment of the present 
invention; 

0029 FIG. 11 is a cross sectional view of the liquid 
crystal display taken along the XI-XI' line of FIG. 10; 

0030 FIG. 12 is a cross sectional view of a liquid crystal 
display for comparison with the liquid crystal display shown 
in FIG. 11; 

0.031 FIG. 13 is a plan view of a liquid crystal display 
according to a sixth preferred embodiment of the present 
invention; and 

0.032 FIG. 14 is a plan view of a liquid crystal display 
according to a Seventh preferred embodiment of the present 
invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0033 Preferred embodiments of this invention will be 
explained with reference to the accompanying drawings. 

0034 FIGS. 1A and 1B schematically illustrate the basic 
Structure of a vertically aligned twisted nematic liquid 
crystal display according to the present invention when 
Voltage is not applied to liquid crystal molecules and when 
Voltage is applied thereto, respectively. 

0035. As shown in the drawings, the liquid crystal dis 
play includes two glass or quartz-based Substrates 10 and 20 
facing each other. Electrodes 11 and 21 based on a trans 
parent conductive material Such as indium tin oxide (ITO), 
and vertical alignment layerS 12 and 22 are internally 
formed on the substrates 10 and 20 in a sequential manner. 
A liquid crystal layer 100 based on a liquid crystal material 
having a negative dielectric anisotropy is interposed 
between the alignment layerS 12 and 22. The liquid crystal 
layer 100 may have chirality, or the alignment layers 12 and 
22 may keep the layer 100 twisted. Polarizing plates 13 and 
23 are externally attached to the Substrates 10 and 20 to 
polarize the light passing through the liquid crystal layer 100 
as well as the light incident upon the liquid crystal layer 100. 
The polarizing axes of the polarizing plates 13 and 23 are at 
an angle of 90° to each other. 

0036) As shown in FIG. 1A, the long axial directions (the 
so-called directors) of the liquid crystal molecules 110 are 
initially aligned to be perpendicular to the Substrates 10 and 
20 due to the alignment layers 12 and 22. In this state, the 
light linearly polarized through the polarizing plate 23 
attached to the bottom Substrate 20 passes through the liquid 
crystal layer 100 in a direct manner. Then, the light is 
intercepted by the polarizing plate 13 attached to the top 
substrate 10 so that the liquid crystal display comes to be in 
a black State. 
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0037. When a potential difference is made at the elec 
trodes 11 and 21 under the application of Voltage, an electric 
field is formed such that the direction thereof is perpendicu 
lar to the Substrate 10 and 20. Accordingly, the orientation 
directions of the liquid crystal molecules 110 are changed 
under the influence of the electric field. 

0038. As shown in FIG. 1B, when the electric field 
reaches a predetermined degree due to the large potential 
difference between the electrodes 11 and 21, the directors of 
the liquid crystal molecules 110 are oriented to be perpen 
dicular to the direction of the electric field or parallel to the 
substrates 10 and 20 due to the dielectric anisotropy. But the 
liquid crystal molecules 110 positioned close to the align 
ment layerS 12 and 22 are kept in the initial State because the 
alignment force of the alignment layerS 12 and 22 exceeds 
the force of their dielectric anisotropy. Meanwhile, the liquid 
crystal molecules 110 are spirally twisted due to chirality. 
When the chirality is controlled in an appropriate manner, 
the directors of the liquid crystal molecules 110 can be 
rotated by 90 through the range from the bottom alignment 
layer 22 to the top alignment layer 12. 

0039 The light polarized through the polarizing plate 23 
attached to the bottom Substrate 20 passes through the liquid 
crystal layer 100 while being rotated by 90 at the polarizing 
axis thereof along the twisted directions of the directors, and 
passes by the polarizing plate 13 attached to the top Substrate 
10. Therefore, the liquid crystal display comes to be in a 
white State. 

0040 FIG. 2 is a plan view of a color filter substrate for 
a liquid crystal display according to a first preferred embodi 
ment of the present invention, and FIG. 3 is a cross sectional 
view of the color filter substrate taken along the III-III' line 
of FIG. 2. 

0041 As shown in the drawings, the color filter substrate 
10 is overlaid with a black matrix 14 that defines pixel areas. 
The black matrix 14 is formed of metal Such as chrome, or 
organic black resist. Color filters 15 of red, green and blue 
are formed at the pixel areas defined by the black matrix 14. 
Each color filter 15 has a longitudinal depressed portion 150 
centrally proceeding in the vertical direction. A common 
electrode 11 is formed on the black matrix 14 and the color 
filters 15 of a transparent conductive material such as ITO. 

0042. In the fabrication process, a black matrix is first 
formed on a Substrate through depositing metal Such as 
chrome or black resist thereon, and patterning it. 

0043. Thereafter, a resist of red, green or blue is depos 
ited onto the Substrate, and patterned to form color filters 
with depressed portions. 

0044 Finally, a transparent conductive material such as 
ITO is deposited onto the black matrix and the color filters 
to form a common electrode. Since the common electrode is 
easily cut and disconnected due to the Stepped area on the 
depressed portion of the color filters, it is preferable to form 
the common electrode by depositing the conductive material 
twice, each time with a slight thickness. 

004.5 The liquid crystal molecules 110 are initially kept 
perpendicular to the substrates 10 and 20 so that the liquid 
crystal display is in a black State as with the non-patterned 
color filters. 
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0046) When voltage is applied, as shown in FIG. 4, 
electric fields in most places are perpendicular to the Sub 
strates 10 and 20, but the electric field close to the depressed 
portion 150 of the color filter 15 has curved equipotential 
lines. 

0047 As the liquid crystal has a negative dielectric 
anisotropy, the orientation directions of the liquid crystal 
molecules 110 tend to be perpendicular to the direction of 
the electric field. Therefore, the directors of the liquid crystal 
molecules close to the depressed portion 150 of the color 
filter 15 are twisted while being inclined with respect to the 
substrates 10 and 20. In this way, two micro-regions where 
the inclined directions of the liquid crystal molecules 110 are 
opposite to each other around the center line of the depressed 
portion 150 of the color filter 15 are present, and optical 
characteristics at the two regions compensate for each other, 
resulting in a wide Viewing angle. 
0.048. The technique of forming depressed portions at the 
color filters 15 to realize partitioned orientation of the liquid 
crystal molecules 110 may be easily performed compared to 
other techniques Such as rubbing, and can control the 
micro-regions very much in detail while varying the shape 
of the depressed portions. 
0049. The depressed portion of the color filter 15 may 
have a depth identical with the thickness of the color filter 
15, or Smaller than the thickness of the color filter 15. 
0050 FIG. 5 is a plan view of a liquid crystal display 
according to a Second preferred embodiment of the present 
invention where one pixel area is illustrated, and FIG. 6 is 
a croSS Sectional view of the liquid crystal display taken 
along the VI-VI' line of FIG. 5. In this preferred embodi 
ment, the depressed patterns of the color filters 15 are 
exemplified as the opening patterns where the color filterS 15 
are completely removed. Of course, it is possible that the 
color filters 15 are only partially removed to form the 
depressed patterns. 
0051. As shown in the drawings, a plurality of linear 
opening portions are present at one pixel area 300. That is, 
first and Second linear opening portions 211 and 212 are 
formed at the color filter 15 of the top Substrate 10 while 
proceeding in the vertical and horizontal directions, and 
third and fourth linear opening portions 216 and 217 are 
formed at the electrode 21 of the bottom Substrate 20 while 
proceeding in the Vertical and horizontal directions. 
0.052 The first and second opening portions 211 and 212 
formed at the top substrate 10 are separated from each other, 
and arranged in the vertical direction while roughly forming 
four Squares. 
0053. The third opening portion 216 formed at the bottom 
substrate 20 centrally proceeds at the pixel area 300 in the 
Vertical direction while vertically bisecting the four Squares 
formed by the first and Second opening portions 211 and 
212. Both ends of the third opening portion 216 nearly reach 
the Second opening portions 212. In contrast, the fourth 
opening portions 217 proceed at the pixel area 300 in the 
horizontal direction while horizontally bisecting the corre 
sponding Square formed by the first and Second opening 
portions 211. Both ends of the fourth opening portions 217 
nearly reach the first opening portions 211. 
0.054 Therefore, the opening portions 211, 212, 216 and 
217 at the two substrates 10 and 20 together form square 
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shaped micro-regions where the first and Second opening 
portions 211 and 212 form the neighboring Sides, and the 
third and fourth opening portions 216 and 217 form the 
remaining neighboring Sides. 

0055. In the above structure, as shown in FIG. 6, the 
liquid crystal molecules 110 are inclined due to the fringe 
fields close to the opening portions. The fringe fields close 
to the first and third opening portions 211 and 216 direct the 
liquid crystal molecules toward the first opening portions 
211 from the third opening portion 216. Therefore, the 
orientation directions of the liquid crystal molecules are 
differentiated while taking the opening portions 211 and 216 
as the boundary. 
0056 Since the neighboring opening portions defining 
the Square-shaped micro-region are perpendicular to each 
other, the directors of the liquid crystal molecules within the 
micro-region vary in position. AS indicated by arrows in 
FIG. 5, the directors of the liquid crystal molecules are 
directed in four average directions while proceeding toward 
the angular points of the Square-shaped micro-regions from 
the center thereof. 

0057. In this way, sixteen square-shaped micro-regions 
are formed at one pixel area, and the directors of the liquid 
crystal molecules within each micro-region are directed in 
one of the four average directions. The directors of the liquid 
crystal molecules in the neighboring micro-regions are at an 
angle of 90 to each other when viewed from the top side. 
0.058. Furthermore, when the polarizing axes P1 and P2 
of the polarizing plates are established to be perpendicular to 
each other in the horizontal and Vertical directions, the 
directors of the liquid crystal molecules within each micro 
region are at an angle of 45 with respect to the polarizing 
axes P1 and P2 of the polarizing plates when voltage is 
applied. 

0059 FIG. 7 is a plan view of a liquid crystal display 
according to a third preferred embodiment of the present 
invention. 

0060. As shown in FIG. 7, a plurality of X-shaped 
opening portions 400 are formed at each pixel electrode of 
the bottom Substrate while proceeding in the vertical direc 
tion, and linear opening portions 500 are formed at the 
corresponding color filter while each crosses the center of 
the X-shaped opening portions 400. 
0061. Of course, the shape of depression patterns includ 
ing opening patterns formed at the top and bottom Substrates 
may change in various manners. 
0062 FIG. 8 is a cross sectional view of a liquid crystal 
display according to a fourth preferred embodiment of the 
present invention. 
0063 As shown in FIG. 8, the liquid crystal display 
includes a bottom Substrate 1, a top Substrate 60, and a liquid 
crystal 90 sandwiched between the bottom and top Sub 
strates 1 and 60. The bottom and top Substrates 1 and 60 are 
formed with a transparent insulating material Such as glass. 

0064 Pixel electrodes 50 are formed on the bottom 
Substrate 1 with a transparent conductive material Such as 
indium tin oxide (ITO) and indium zinc oxide (IZO) with 
each having an opening pattern 51. The pixel electrode 50 is 
connected to a Switching circuit 2 to receive picture image 
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signal voltage. A thin film transistor (TFT) is used as the 
Switching circuit 2. The TFT is connected to a gate line (not 
shown) for transmitting Scanning Signals thereto and a data 
line (not shown) for transmitting picture image signals 
thereto. The pixel electrode 50 turns on or off according to 
the Scanning Signal. Abottom polarizing plate 3 is externally 
attached to the bottom Substrate 1. In the case of reflection 
type liquid crystal displays, the pixel electrode 50 may be 
formed with a non-transparent material, and the bottom 
polarizing plate 3 may not be necessary. 
0065. The top substrate 60 facing the bottom substrate 1 
is sequentially overlaid with a black matrix 70 surrounding 
color filters 61, and a common electrode 80. The common 
electrode 80 is formed with a transparent conductive mate 
rial Such as ITO or IZO. 

0.066 Each color filter 61 is provided with a depression 
pattern, and the common electrode 80 formed on the color 
filters 61 has depression patterns 81 corresponding to those 
of the color filters 61. 

0067. The black matrix 70 surrounding the color filters 61 
is also formed under the depression patterns 81 of the 
common electrode 80 to prevent light leakage caused by the 
depression patterns 81. 
0068. The black matrix 70 is usually formed with a 
conductive material Such as chrome, but may be formed with 
an organic material. When the black matrix 70 is formed 
with a conductive material, it also functions as a conduction 
passage for passing a signal for the common electrode 80, 
thereby reducing resistance of the common electrode 80. 
0069. The above structure can have wide viewing angle 
characteristics for the following reasons. 
0070 When voltage is not applied to the display device, 
the liquid crystal molecules 90 are kept aligned perpendicu 
lar to the substrates 1 and 60 while being in a black state, as 
with the non-patterned common electrode. 
0071. When voltage is applied, as shown in FIG. 8, an 
electric field is formed normal to the Substrates 1 and 60 in 
most places, but formed in a curved shape along the depres 
sion pattern of the common electrode 80. Therefore, the 
equipotential lines between the Substrates 1 and 60 are not 
parallel thereto, but curved in accordance with the shape of 
the common electrode 80. Consequently, the electric field 
does not also proceed normal to the substrates 1 and 60, but 
is slightly inclined. 
0072. As the liquid crystal has a negative dielectric 
anisotropy, the orientation directions of the liquid crystal 
molecules tend to be normal to the direction of the electric 
field. Therefore, the long axes of the liquid crystal molecules 
close to the depression pattern 81 are twisted and inclined 
with respect to the substrates 1 and 60. In this way, two 
regions where the inclined directions of the liquid crystal 
molecules are opposite to each other are divided around the 
center line of the depression pattern 81 So that the optical 
characteristics at the two regions compensate for each other, 
resulting in a wide Viewing angle. 
0073. The relation between the shape of the depression 
pattern and the picture quality will be now described. 
0074 FIGS. 9A and 9B illustrate equipotential lines and 
light transmission curves where the Side wall of the depres 
sion pattern is at an angle of 90 or 45 with respect to the 
Substrate. 
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0075) When the angle between the side wall of the 
depression pattern and the substrate is 90, as shown in FIG. 
9A, the equipotential lines are curved a lot at the bottom of 
the depression pattern of the common electrode 80 and at the 
top of the opening pattern of the pixel electrode 50. Since the 
light transmission varies radically only at the depression 
pattern and the opening pattern, textures are not shown if the 
depression pattern is covered. However, when the angle 
between the Side wall of the depression pattern and the 
opening pattern is 45, as shown in FIG. 2B, the equipo 
tential lines become radically curved not only at the bottom 
of the depression pattern of the common electrode 80 and at 
the top of the opening pattern of the pixel electrode 50, but 
also at the peripheral area of the depression pattern. The light 
transmission also varies radically at the depression pattern 
and the opening pattern as well as at the peripheral area of 
the depression pattern. Therefore, textures are generated at 
the peripheral area of the depression pattern. 
0076. As shown above, the Smaller angle between the 
Side wall of the depression pattern and the Substrate gener 
ates more widely spread textures around the peripheral area 
of the depression pattern. Therefore, it is preferable that the 
angle between the Side wall of the depression pattern and the 
Substrate becomes great when measured from the Side of the 
color filters 61. That angle is preferably 90 or more. 
However, when such an angle is 120 or more, the ITO 
based common electrode is easy to be cut and disconnected 
at the depression pattern. 
0077. When the angle between the side wall of the 
depression pattern and the substrate is 45, as shown in FIG. 
9B, textures are generated at the peripheral area of the 
depression pattern. Nevertheless, they do not deteriorate the 
picture quality in a Serious manner. Furthermore, the degree 
of textures can be controlled through varying the width of 
the depression pattern or the width of the opening pattern of 
the pixel electrode. Therefore, the lowest angle between the 
Side wall of the depression pattern and the Substrate is about 
30°. 

0078 FIG. 10 is a plan view of a liquid crystal display 
according to a fifth preferred embodiment of the present 
invention, FIG. 11 is a cross sectional view of the liquid 
crystal display taken along the XI-XI' line of FIG. 10, and 
FIG. 12 is a cross sectional view of a liquid crystal display 
for comparing with the liquid crystal display shown in FIG. 
11. 

0079 Gate lines 4 are formed on a bottom insulating 
Substrate 1 with gate electrodes 5 while proceeding in the 
horizontal direction. Common electrode lines 6 and 7 are 
formed on the bottom Substrate 1 while proceeding parallel 
to the gate lines 4. The common electrode lines 6 and 7 are 
connected to each other via two storage capacitor electrodes 
8 and 9 proceeding in the vertical direction. The number of 
common electrode lines 6 and 7 may be one, three or more. 
The gate lines 4, the gate electrodes 5, the common electrode 
lines 6 and 7, and the storage capacitor electrodes 8 and 9 
may be formed with a metallic material Such as aluminum or 
chrome while having a single-layered Structure, or a double 
layered Structure formed Sequentially with a chrome-based 
layer and an aluminum-based layer. 
0080 A silicon nitride-based gate insulating layer 31 is 
formed on the gate lines 4, the common electrode lines 6 and 
7, and the storage capacitor electrodes 8 and 9. 
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0.081 Data lines 40 are formed on the gate insulating 
layer 31 in the vertical direction. Source electrodes 41 are 
branched from the data lines 40, and drain electrodes 42 are 
positioned close to the Source electrodes 41 while being 
separated from them. The data lines 40, the source electrodes 
41, and the drain electrodes 42 are formed with a metallic 
material Such as chrome or aluminum, in a Single or mul 
tiple-layered Structure. 
0082) A semiconductor layer (not shown) for forming 
TFT channels, and an ohmic contact layer (not shown) for 
reducing contact resistance between the Semiconductor layer 
and the Source and drain electrodes 41 and 42 are formed 
under the Source and drain electrodes 41 and 42. The 
Semiconductor layer is usually formed with amorphous 
Silicon, and the ohmic contact layer is formed with amor 
phous Silicon doped with n-type impurities of high concen 
tration. 

0.083. A protective layer 32 is formed on the data lines 40 
of an inorganic insulating material Such as Silicon nitride or 
an organic insulating material Such as resin. The protective 
layer 32 is provided with contact holes (not shown) opening 
the drain electrodes 42. 

0084 Pixel electrodes 50 are formed on the protective 
layer 32 with opening patterns 51. The pixel electrodes 50 
are formed with a transparent conductive material Such as 
indium tin oxide (ITO) or indium zinc oxide (IZO), or an 
opaque conductive material Such as aluminum that exhibits 
a good light reflection property. 
0085. The opening pattern 51 of each pixel electrode 50 
has a horizontal opening portion formed at the boundary of 
the pixel electrode 50 bisecting it into upper and lower 
regions, and inclined opening portions formed at the upper 
and lower regions of the pixel electrode 50 while proceeding 
perpendicular to each other, thereby uniformly distributing 
fringe fields in all directions. 
0.086 The storage capacitor electrodes 8 and 9 are com 
pletely covered by the pixel electrode 50 at the A, B, C and 
D regions when viewed from the top side. 
0087. A black matrix 70 is formed at the top insulating 
substrate 60 to prevent leakage of light. Color filters 61 are 
formed on the top Substrate 60 with depression patterns. A 
common electrode 80 is formed on the color filters 61 with 
depression patterns 81 corresponding to those of the color 
filters 61. The depression patterns 81 of the common elec 
trode 80 are formed due to the corresponding depression 
patterns of the color filters 61. The common electrode 80 is 
formed with a transparent conductive material such as ITO 
or IZO. 

0088. The depression pattern 81 of the common electrode 
80 at a pixel area has inclined depressed portions that 
externally proceed parallel to the upper and lower inclined 
opening portions of the pixel electrode 50, and linear 
depressed portions bent from the inclined depressed portions 
while being overlapped with the sides of the pixel electrode 
50. The linear depressed portions are classified into hori 
Zontal and Vertical linear depressed portions. The Sides of 
the pixel electrode 50 overlapping the vertical linear 
depressed portions completely cover the underlying Storage 
capacitor electrodes 8 and 9. 
0089. In the above-structured liquid crystal display, tex 
tures can be effectively prevented in the following respects. 
0090 FIG. 12 illustrates a liquid crystal display bearing 
occurrence of textures. As shown in FIG. 12, when voltage 
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is applied to a common electrode 800 and a pixel electrode 
900, a strong electric field is formed between storage capaci 
tor electrodes 230 and 240 and the periphery of the pixel 
electrode 900. The strong electric field influences the electric 
field formed at the periphery of the pixel area. Particularly, 
Such an influence becomes prominent at the A, B, C and D 
regions where the common electrode 800 is provided with 
depression patterns 81. For that reason, the fringe field 
formed at the periphery of the pixel area is inclined in a 
direction opposite to the direction of the fringe field formed 
at the center of the pixel area. Therefore, the orientation 
directions of the liquid crystal molecules are reverse-turned 
at the region T between the periphery and the center of the 
pixel area. Such a region T is displayed on the Screen as a 
teXture. 

0091 By contrast, in the liquid crystal display shown in 
FIG. 11, the pixel electrode 50 completely covers the 
storage capacitor electrodes 8 and 9. Therefore, most of the 
electric lines of force formed between the pixel electrode 50 
and the Storage capacitor electrodes 8 and 9 are connected to 
the bottom surface of the pixel electrode 50. Consequently, 
the electric field between the pixel electrode 50 and the 
Storage capacitor electrodes 8 and 9 does not influence the 
liquid crystal molecules. The fringe fields that are not 
influenced by the Storage capacitor electrodes 8 and 9 are 
kept in the predetermined direction within the pixel area, and 
varied in direction out of the pixel area (while being covered 
by the black matrix). As the region T where the orientation 
directions of the liquid crystal molecules are reverse-turned 
comes into being out of the pixel area while being covered 
by the black matrix, textures are not displayed at the Screen. 
0092 FIG. 13 is a plan view of a liquid crystal display 
according to a sixth preferred embodiment of the present 
invention. In this preferred embodiment, other components 
and structures of the liquid crystal display are the same as 
those related to the fifth preferred embodiment except that 
the opening patterns 51 of the pixel electrodes 50, the 
depression patterns 81 of the common electrode 80, the 
Storage capacitor electrodes 9, and the common electrode 
lines 6 have a different structure. 

0093. The opening pattern 51 of each pixel electrode 50 
is formed with horizontal opening portions and vertical 
opening portions. The depression pattern 81 of the common 
electrode 80 corresponding to the opening pattern 51 of the 
pixel electrode is formed with a peripheral depressed portion 
overlapped with the periphery of the pixel electrode 50, and 
a horizontal depressed portion placed between the horizontal 
opening portions of the pixel electrode 50. 
0094. The opening pattern 51 and the depression pattern 
81 are overlapped with each other to thereby divide the pixel 
area into Several micro-regions. Each micro-region is shaped 
as a polygon having two longer Sides that are parallel to each 
other. Such a structure makes the response Speed of the 
liquid crystal molecules fast. That is, the fringe field formed 
by the opening pattern 51 and the depression pattern 81 
makes the liquid crystal molecules to be oriented parallel to 
each other. In this way, the liquid crystal molecules moves 
in one Step and reduces the response time. 
0.095. In the previous fifth preferred embodiment, the 
micro-regions divided by the opening pattern and the 
depression pattern are also shaped as a polygon where the 
two longest Sides thereof are parallel to each other. 
0096. The common electrode line 6 proceeds in the 
horizontal direction by one per each pixel area, but may be 



US 2001/0007487 A1 

formed in plurality. The common electrode line 6 is over 
lapped with the horizontal depressed portion of the depres 
Sion pattern 81. The Storage capacitor electrode 9 proceeds 
parallel to the left and right sides of the pixel electrode 50 
while being covered by the pixel electrode 50. This structure 
is to prevent textures. 
0097 FIG. 14 is a plan view of a liquid crystal display 
according to a Seventh preferred embodiment of the present 
invention. In this preferred embodiment, other components 
and structures of the liquid crystal display are the Same as 
those related to the fifth preferred embodiment except that 
the opening patterns 51 of the pixel electrodes 50, the 
depression patterns 81 of the common electrode 80, the 
Storage capacitor electrodes 9, and the common electrode 
lines 6 have a different structure. 

0098. The opening pattern 51 of each pixel electrode 50 
is formed with a plurality of X-shaped opening portions. The 
depression pattern 81 is formed with a peripheral depressed 
portion and horizontal depressed portions while isolating the 
X-shaped opening portions from each other. 
0099. The common electrode line 6 proceeds in the 
horizontal direction with one for each pixel area, but it may 
be formed in a plural manner. The common electrode line 6 
is overlapped with one of the horizontal depressed portions 
of the depression pattern 81. The Storage capacitor elec 
trodes 9 proceed parallel to the left and right sides of the 
pixel electrode 50 while being covered by the pixel electrode 
50. 

0100 AS described above, the inventive liquid crystal 
display involves a Wide Viewing angle, rapid response Speed, 
and excellent picture quality. 
0101 While the present invention has been described in 
detail with reference to the preferred embodiments, those 
skilled in the art will appreciate that various modifications 
and Substitutions can be made thereto without departing 
from the Spirit and Scope of the present invention as Set forth 
in the appended claims. 
What is claimed is: 

1. A color filter Substrate for a liquid crystal display, 
comprising: 

a Substrate; 
color filters formed on the Substrate, each color filter 

having a depressed portion; and 
a common electrode formed on the color filters. 
2. The color filter Substrate of claim 1, wherein the 

depressed portion of the color filter has a depth Smaller than 
the thickness of the color filter. 

3. The color filter substrate of claim 2, further comprising 
a black matrix formed on the Substrate. 

4. The color filter Substrate of claim 3, wherein the black 
matrix has a portion overlapped with the depressed portion 
of the color filter. 

5. A liquid crystal display, comprising: 
a first Substrate, the first Substrate comprising color filters 

each with a depressed portion, and a common electrode 
formed on the color filters; and 

a Second Substrate facing the first Substrate, the Second 
Substrate comprising pixel electrodes, each pixel elec 
trode having an opening portion. 

6. The liquid crystal display of claim 5, wherein the 
depressed portion of the color filter has a depth Smaller than 
the thickness of the color filter. 
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7. The liquid crystal display of claim 6, further comprising 
a black matrix formed on the first Substrate. 

8. The liquid crystal display of claim 7 wherein the black 
matrix has a portion overlapped with the depressed portion 
of the color filter. 

9. The liquid crystal display of claim 5, wherein the 
depressed portion of the color filter, and the opening portion 
of the pixel electrode form a closed area when viewed from 
the top side. 

10. The liquid crystal display of claim 8, wherein the 
depressed portion of the color filter, and the opening portion 
of the pixel electrode form a closed area when viewed from 
the top side. 

11. The liquid crystal display of claim 10, wherein the 
depressed portion of the color filter, and the opening portion 
of the pixel electrode are arranged to be Symmetrical to each 
other. 

12. The liquid crystal display of claim 11, further com 
prising: 

a liquid crystal layer Sandwiched between the first Sub 
Strate and the Second Substrate, the liquid crystal layer 
having liquid crystal molecules with a negative dielec 
tric anisotropy; 

a first alignment layer and a Second alignment layer 
formed on the common electrode and the pixel elec 
trodes one by one, the first alignment layer and the 
Second alignment layer aligning long axes of the liquid 
crystal molecules to be perpendicular to the Substrates, 
and 

a first polarizing plate and a Second polarizing plate 
externally attached to the first Substrate and the Second 
Substrate. 

13. The liquid crystal display of claim 12, wherein the first 
polarizing plate and the Second polarizing plate have polar 
izing axes perpendicular to each other. 

14. The liquid crystal display of claim 13, wherein the 
liquid crystal molecules placed within the closed area 
defined by the depressed portion and the opening portion 
have four average long axial directions. 

15. The liquid crystal display of claim 14, wherein the 
average long axial directions make angles of 40-50 with 
respect to the polarizing axes of the first polarizing plate and 
the Second polarizing plate. 

16. A method for fabricating a color filter substrate for a 
liquid crystal display, comprising the Steps of: 

forming a black matrix on a Substrate; 
forming color filters on the Substrate Such that each color 

filter has a depressed portion; and 
forming a common electrode on the Substrate Such that the 
common electrode covers the black matrix and the 
color filters. 

17. The method of claim 16, wherein the common elec 
trode is formed through depositing indium tin oxide twice 
onto the Substrate. 

18. The method of claim 16, wherein the step of forming 
color filters further comprises the Steps of 

forming red color filters each with a depressed portion 
through depositing a red resist onto the Substrate, and 
patterning the resist, 

forming green color filters each with a depressed portion 
through depositing a green resist onto the Substrate, and 
patterning the resist, and 
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forming blue color filters each with a depressed portion 
through depositing a blue resist onto the Substrate, and 
patterning the resist. 

19. The method of claim 16, wherein the step of forming 
color filters further comprises the Steps of 

forming red, green and blue color filters through Sequen 
tially depositing red, green and blue resists onto the 
Substrate, and patterning the resists, and 

patterning the red, green and blue color filterS Such that 
each color filter has a depressed portion. 

20. A color filter Substrate for a liquid crystal display, 
comprising: 

a Substrate; 
color filters formed on the substrate each with a depres 

Sion pattern; and 
a common electrode formed on the color filters, 
wherein the depression pattern of the color filter has a side 

wall being at an angle of 30-120 with respect to the 
Substrate. 

21. The color filter Substrate of claim 20, further com 
prising a black matrix formed on the Substrate, the black 
matrix having a portion overlapped with the depression 
pattern. 

22. A liquid crystal display, comprising: 
a first Substrate; 
a plurality of pixel electrodes formed on the first Sub 

Strate, 

a Second Substrate facing the first Substrate; and 
a common electrode formed on the Second Substrate Such 

that the common electrode has depression patterns 
corresponding to the pixel electrodes; 

wherein each depression pattern of the common electrode 
has a side wall being at an angle of 30-120 with 
respect to the first Substrate. 

23. The liquid crystal display of claim 22, further com 
prising color filters formed between the Second Substrate and 
the common electrode each with a depression pattern, the 
depression patterns of the common electrode being formed 
by the depression patterns of the color filters. 

24. The liquid crystal display of claim 22, further com 
prising a black matrix formed on the Second SubStrate, the 
black matrix being partially overlapped with the depression 
patterns of the common electrode. 

25. The liquid crystal display of claim 24, wherein the 
common electrode contacts the black matrix at the depres 
Sion patterns thereof. 

26. The liquid crystal display of claim 22, further com 
prising Storage capacitor electrodes formed on the first 
Substrate, each pixel electrode completely covering the 
Storage capacitor electrodes at a predetermined region when 
viewed from the top side. 

27. The liquid crystal display of claim 26, wherein the 
depression pattern of the common electrode is overlapped 
with sides of the corresponding pixel electrode at the pre 
determined region where the pixel electrode completely 
covers the Storage capacitor electrodes. 

28. The liquid crystal display of claim 26, wherein the 
Storage capacitor electrodes are provided at left and right 
Sides of each pixel electrode one by one. 
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29. The liquid crystal display of claim 26, further com 
prising common electrode lines formed on the first Substrate, 
the Storage capacitor electrodes being branched from the 
common electrode lines. 

30. The liquid crystal display of claim 29, wherein the 
common electrode lines are overlapped with the depression 
patterns of the common electrode. 

31. The liquid crystal display of claim 26, wherein each 
pixel electrode has an opening pattern. 

32. The liquid crystal display of claim 31, wherein the 
opening pattern of each pixel electrode comprises a hori 
Zontal opening portion formed at the boundary of the pixel 
electrode bisecting the pixel electrode into upper and lower 
regions, and inclined opening portions formed at the upper 
and lower regions of the pixel electrode while proceeding 
perpendicular to each other, and the depression pattern of the 
common electrode corresponding to the opening pattern of 
the pixel electrode comprises inclined depressed portions 
externally proceeding parallel to the upper and lower 
inclined opening portions of the pixel electrode, and linear 
depressed portions bent from the inclined depressed portions 
that overlaps Sides of the pixel electrode. 

33. The liquid crystal display of claim 32, wherein the 
linear depressed portions of the depression pattern overlaps 
the Vertical Sides of the corresponding pixel electrode at the 
predetermined region where the pixel electrode completely 
covers the Storage capacitor electrodes. 

34. The liquid crystal display of claim 20, wherein the 
opening pattern of each pixel electrode, and the correspond 
ing depression pattern of the common electrode are over 
lapped with each other to thereby divide the pixel electrode 
into Several micro-regions, each micro-region being shaped 
as a polygon having two longest Sides parallel to each other. 

35. The liquid crystal display of claim 34, wherein the 
micro-regions are classified into first micro-regions where 
the two longest Sides thereof proceed in a first direction, and 
Second micro-regions where the two longest Sides thereof 
proceed in a Second direction, the first direction and the 
Second direction crossing at an angle of 85-95. 

36. The liquid crystal display of claim 35, wherein the first 
direction is inclined with respect to the Sides of the pixel 
electrode. 

37. The liquid crystal display of claim 35, wherein the first 
direction is parallel to the upper Side and the lower Side or 
the left side and the right side of the pixel electrode. 

38. A liquid crystal display, comprising: 
a first Substrate with a pixel electrode, 
a storage capacitor electrode formed on the first Substrate; 
a Second Substrate facing the first Substrate; and 
a common electrode formed on the Second Substrate, the 
common electrode having depression patterns corre 
sponding to the pixel electrode, 

wherein each pixel electrode completely covers the Stor 
age capacitor electrode at a predetermined region when 
viewed from the top side. 

39. The liquid crystal display of claim 38, wherein the 
depression pattern of the common electrode overlaps sides 
of the corresponding pixel electrode at the predetermined 
region where the pixel electrode completely covers the 
Storage capacitor electrodes. 
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